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STUDIES ON FERMENT  ACTION. 
VI.  THE  RELATION  OF  IMMUNE  SERUM  LIPASE  TO  HEMOLYSIS.* 
.BY JAMES  W.  JOBLING,  M.D., AND  CARROLL  G. BULL,  M.D. 
(From the Morris  Institute  for Medical Research,  Chicago.) 
INTRODUCTION. 
Specific serum hemolysis has been a  subject of continuous inter- 
est to investigators of immunity problems since Bordet discovered 
the  specificity of the  reaction  and  was  able  to  study  it  in  vitro. 
Many points of general significance and wide practical  application 
were  first  observed  through  a  consideration  of  this  interesting 
phenomenon.  Endeavoring to determine the basic principles under- 
lying specific serum hemolysis, Ehrlich established many important 
facts  concerning  the  different  factors  involved  and  was  led  to 
formulate  his  side-chain  theory  of  immunity.  This  well  known 
theory has been unquestionably the means of great advancement in 
our knowledge of immunity reactions, having furnished terms  for 
thought and  reasoning in this  field for the last  decade.  Through 
efforts  to  learn  the true  nature  of  complements and  amboceptors 
and their manner of action in bacteriolytic and hemolytic reactions, 
Bordet and Gengou first observed the phenomenon .of  complement 
fixation.  The  observations  of  these  pioneer  investigators  of 
hemolysis have led to the establishment :of a  science of serological 
diagnosis and therapy,  and many facts have been established con- 
cerning the properties and characteristics of complements and am- 
boceptors, but their true nature and manner of operation are not yet 
thor.oughly determined. 
Complements and  amboceptors  are,  no  doubt,  definite  chemical 
entities and have special affinities for, and action upon other chem- 
ical entities.  By no other reasoning can we understand or explain 
the presence of  forces sufficient to bring about the changes caused 
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by these agents.  That we are not dealing with ordinary chemical 
reactions is well established, since the laws of chemical equivalents 
and definite proportions do not hold good.  The efforts of physical 
and colloidal chemists have also  failed to explain satisfactorily the 
behavior of  the  agents  concerned in  these  reactions.  Therefore, 
reasoning by  a  process  of  elimination,  we  are  almost  forced  to 
believe  that  complements  and  amboceptors  are  of  the  nature  of 
ferments and occasion the results ascribed to them by contact action. 
Some  investigators  have  already  accepted the  ferment nature  of 
these  agents,  but  their  conclusions  haaze been  reached  through 
analogies and generalizations, no definite and positive proof having 
been  furnished. 
The isolation of individual ferments and an identification of them 
by  their  own  physical  and  chemical properties  being  at  present 
impossible,  we  can  study  them  only  by  determin.ing the  changes 
they are capable of causing by being in contact with different sub- 
stances under specified  conditions.  The effects of  ferments upon 
substrata  may be  considered by  estimating the  quantities  of  sub- 
stances that have disappeared from the medium or by determining 
the  nature  and  amounts  of new  substances  formed by the  action 
9f  the  ferments  upon  some  known  original  material.  In  the 
majority of  instances  the  latter  method  is  the  most  convenient. 
Hence a study of the end products of the action of hemolytic ambo- 
ceptors  and  complements has  'been  undertaken with  the  hope  of 
determining more definitely the character of these agents and their 
manner of action, so that principles may be established which we can 
carry to other lines of immunity work. 
In a previous paper (I)  we reviewed the observations of various 
auth.ors  on the relation of lipolytic and hemolytic agents.  It  was 
noted  that  many  hemolytic  substances  have  particular  lipolytic 
properties, leading some authors to think of hemolysis as a kind of 
lipolysis.  It was further noted that lipoids  or certain lipoidal com- 
binations may act as antigens, and that there is an increase in the 
serolipase  of  animals  immunized to  ~oreign  red blood  cells.  By 
experimental procedures we  determined that  the  sera  of  animals 
(rabbits)  treated with  alien erythrocytes (hen)  have not only an 
increased  lipolytic  action  on  such  substances  as  ethylbntyrate, James W. Jobling and Carroll  G. Bull.  63 
lecithin, butter fats,  etc., but that they have also a  special lipolytic 
action upon the  corpuscles  with  which  the  animals  were  treated. 
The  results  of these experiments were considered definite enough 
to  justify  the  conclusion  that  immune hemolytic  sera  contain  a 
specific immune lipase. 
RELATION  OF  IMMUNE  SERUM  LIPASE  TO  SENSITIZATION. 
To  determine  whether  this specific lipase plays an essential part 
in specific serum hemolysis, another series of experiments  has been 
undertaken.  Hemolyticsera  of high titer were  diluted with nine 
par.ts of o.8  5 per cent. sodium  chloride solution and  heated  in a 
water bath for thirty minutes  at 7  °o C.  The  hemolytic  strengths 
of the heated sera were  again determined.  The  heating caused  a 
material  reduction  in the power  of the sera, but  they  were  still 
within the limits of special action.  The heated and unheated  sera 
were then tested for their lipolytic action on ethylbntyrate and the 
specific corpuscles. 
The  hemolytic  sera  were  produced  by  immunizing  rabbits  with  washed  cor- 
puscles,  and  were  standardized  by  using  0.5 c.c. of  a  5 per  cent. suspension  of 
washed  corpuscles  and  0.o4 c.c. of guinea  pig complement.  The  lipolytic  action 
of the  immune sera  on  the  specific corpuscles was  determined by  incubating 2 
c.c.  of  a  5  per  cent. suspension of the  corpuscles for two hours at  37 °  C.  with 
twice the number  of units of serum  (0.5  c.c.  being a  unit  of  corpuscles).  The 
acidity of the incubated mixtures was estimated by adding two drops of a  I  per 
cent.  alcoholic solution  of phenolphthalein to  the  boiled  solutions  and  titrating 
with N/Ioo sodium hydroxide from a  2  e.c.  burette.  The results were recorded 
in the number Of cubic centimeters of N/Io sodium hydroxide necessary to neu- 
tralize  ioo c.c.  of  the  titrated  mixtures.  The  lipolytic action  of  the  sera  on  a 
foreign  fat  was  also  determined.  For  this  purpose  25  e.e.  of  0.85  per  cent. 
sodium chloride solution were put  in  a  series of Erlenmeyer flasks.  After the 
addition  of  I  e.e.  of  tol~ol  and  o.I  c.c.  of  a  I  per  cent.  alcoholic  solution  of 
phenolphthalein, the solutions were brought to the boiling point to  drive off the 
carbon  dioxide.  When the flasks had  cooled to  37 °  C.,  the  desired amount  of 
serum was added to each.  The mixtures were then neutralized with N/5o sodium 
hydroxide;  I  c.c.  of  acid-free ethylbutyrate  was  put  in  each  flask,  shaken  one 
hundred times to get a  homogeneous emulsion, and.incubated at 37 °  C.  for four 
hours.  At the end of this time, all flasks were immediately cooled to 5  °  C.  and 
titrated with N/Ioo sodium hydroxide.  These results were also  recorded in the 
number of cubic centimeters of  N/Io  sodium  hydroxide necessary to  neutralize 
IOO c.c.  of the titrated mixtures.  The  results appear in tables I  and  II. 64  Studies  on Ferment Action. 
In  No.  I  .of table  I,  where  four  units  of  corpuscles  were  incu- 
bated with eight units of fresh immune serum, the acidity figure is 
2. 5.  Slight .hemolysis occurred here because of the native comple- 
ment present.  The heated serum  (No.  2)  gave an acidity of only 
o.8.  The control ,tests show that  the combined acidities  produced 
TABLE  I. 
No, of speci- 
men. 
5 per cent. suspen- 
sion  of  hen  clesC°rp  us" 
2  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 
2  c.e. 
Hemolytic 
serulll. 
8 units F.S. I 
8 units  H.S. t 
8 units F.S. 
8 units  H.S. 
8 units  F.S. 
8 units  H.S. 
Guinea pig 
complement. 
4  units 
4  units 
units 
4  units 
Acidity. 
2.5 
0.8 
2.9 
1.2 
1.0 
0.6 
0.4 
0.4 
o.4 
Hemolysis. 
Slight. 
None. 
Complete. 
Complete. 
None. 
None. 
None. 
None. 
None. 
by the individual elements alone more than equal this acidity.  There 
being  no  interaction ,of  serum  and  corpuscles,  the  lipase  has  evi- 
dently been entirely destroyed.  No. 4 o.f this same table shows that 
the  heated  serum  is  still  capaNe  of  producing  hemolysis  in  the 
presence  of  complement, and  it  also  indicates  that  a  high  degree 
of  acidity  is  not  necessary  for  hemolysis:.  The  results  of  the 
TABLE  II. 
No. of specimen.  0.85 per cent. sodium [  Ethylbutyrate.  Immune and hemo- 
chloride solution.  ~  lytic serum.  2 
25 C.C.  I  C.C.  I  C.C.  (unheated) 
25 c.c.  I  c.e.  e.e.  (65  °  C.) 
25 c.c.  I  c.c.  c.c.  (70  °  C.) 
25 c.c.  I  C.C. 
Acidity. 
3.20 
0.28 
0.22 
O.IO 
next  protocol,  table  n,  where  the  fresh  and  heated  sera  were 
tested  for their lipolytic action on ethylbutyrate, show that heating 
to  7o °  C.  for  thirty  minutes  destroys the lipase of  the  serum  for 
an alien fat. 
If a hemolytic serum whose lipase has been completely destroyed, 
F.S. =  unheated  serum  ;  H.S.  =  serum  heated  to  7o  °  C.  for  one  hour. 
The  serum  was  heated  to  the  degree  indicated  for  thirty  minutes  before  it 
was  added. James W. Jobling and Carroll G. Bull.  65 
is  still  capable  of producing  specific serum  hemolysis,  the  specific 
lipase plays no essential part in its hemolytic action.  Hence it is to 
be inferred that the action of a  hemolytic amboceptor is not specifi- 
cally directed against the lipoid constituents of the cells.  This is of 
special interest since the lipoid content of cells is bel~ieved to play a 
very important part in governing the diffusion' of substances through 
their limiting membranes.  But the elimination of a lipolytic action on 
the part of the amboceptor serum does not exclude all lipase action, 
since a  non-specific lipase is always present in the  fresh guinea pig 
serum used  as complement.  So  further  work  was  undertaken  to 
determine,  if  possible,  the  relation Of  non-specific lipase  action  to 
specific serum hemolysis, i. e., to see whether a lipase-free hemolytic 
system is possible. 
LIPASE AND  COI%[PLEMENT. 
Having obtained an am'boceptor which had no lipolytic action, we 
next directed our efforts toward the separation of complement and 
lipase,  to get a  lipase-free  complement.  For  this purpose various 
methods were employed. 
Heat  Methods.--The  thermal  "death  points"  of  complement 
and  serum  lipase  are  so  related,  the  lipase  being  somewhat  more 
resistant to heat than complement, that it is not possible to destroy 
the lipase of a  serum by heat without destroying the complement at 
the same time.  This is especially true when the serum is heated in 
the liquid state.  In the dried condition complement is very resistant 
to  heat,  as  was  shown by  Noguchi  (2).  The  thermostability  of 
dried serum lipase being unknown to us, it was thought p0ssible to 
separate  it  from  complement  by  heating  dried  serum  to  certain 
temperatures.  For this  test  definite  amounts  of  fresh  guinea pig 
serum were put on soft filter paper,  dried  in a  current  of air at a 
low temperature,  heated to various  degrees  for an hour,  and  then 
dissolved in o.8 5  per cent.  sodium chloride  solution.  When  com- 
plete solution had occurred, the serum was examined for its comple' 
ment  and  lipolytie  properties  by  the  usual  methods.  The  results 
showed that a  temperature which is sufficient to  destroy the lipase 
destroys the complement, and vice' versa.  It is, therefore, not pos- 
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Chemical Methods.rain a  study on the lipoid nature of comple- 
ment, Friedem~nn and Hertzfeld (3) observed that complement was 
not desWoyed by extractions with water-free alcohol, ether, or chlo- 
roform, where the serum was previously dried upon soft paper.  To 
determine the effect of such extraction upon the serum lipase,  defi- 
nite amounts of fresh guinea pig serum were dried upon soft filter 
paper in a  current of air and then kept over sulphuric acid for ten 
hours in order to  insure thorough drying.  When desiccation was 
thought to be complete, the papers were repeatedly extracted with 
alcohol, ether, or chloroform, respectively.  The serum was  redis- 
solved  in  0.8 5  per  cent.  sodium  chloride  solution  and  tested  for 
complement and lipase action in the usual ways.  Portions of serum 
treated with  chloroform and  ether had  not lost  in  either lipolytic 
or  complementary action.  The  portion  treated  with  alcohol  had 
lost its complement action, but this result was thought to be due to 
a small percentage of water in the alcohol used.  These results show 
that serum lipase is not extracted with the lipoids. 
Serum Fraction~tion.mDifferent ferments and antiferments have 
been found attached more or less strictly to some certain fraction of 
the serum proteins.  Thus Landsteiner (4)  reports that antitrypsin 
remains in the albumin portion of the serum.  Glaessner (5)  claims, 
however, that this antiferment is separated with the euglobulin.  It 
has been shown by Opie  and Barker  (6)  that the serum albumin 
contains an antiferment for leucoprotease.  Hedin (7)  has observed 
that  a  weak proteolytic  ferment remains  in  the globulin  fraction, 
while an antibody to it is found with the albumin portion.  Accord- 
ing to the findings of Pick  (8),  all lysins, agglutinins,  and precip- 
itins  are  separated  with  the globuiii~s  of  s~erum fractionated with 
ammonium  sulphate. 
Noguchi and Bronfenbrenner  (9)  have shown that the essential 
part of complement is in the albumin portion of the so called "split 
complement,"  being  able  to  get  characteristic  complement  action 
without the presence of the globulin fraction.  Thus, it seems that 
each  ferment and  antibody  found  in blood  serum bears  a  special 
relation to some one of its components and is easily separated from 
the others.  If serum lipase is not an exception to this  rule, and if James W. Jobling and Carroll  G. Bull.  67 
it  adheres  to  the globulins, a  solution of  the  question under con- 
sideration can be reached 'by serum fractionation. 
Fresh guinea pig serum was treated according to the hydrochloric 
acid and dialyzing methods of splitting complement.  The two frac- 
tions, albumin and globulin, were tested for complement and lipase. 
The hemolytic system already described was used  for the comple- 
ment estimation.  The  lipase  action  of  the  two  portions was  de- 
termined by using ethylbutyrate as substrate,  thetest being put up 
in  the manner previously mentioned.  The  results  were  recorded 
in  the  number  of  cubic  centimeters  of  N/Io  sodium  hydroxide 
necessary to neutralize Ioo cubic centimeters of the resultant solu- 
tions.  Tables  III.and IV will serve as  typical protocols of these 
experiments. 
TABLE III. 
No. of speci- 
men. 
2 
3 
4 
5 
Sensitized 
corpuscles. 
O.S C.C. 
0.5 c.c. 
o.5  c.c. 
o.5 c.c. 
o.5 c.e. 
End-plece. 
I  C.C. 
0.5 c.c. 
(Neutral  to ph( 
I  e.C. 
Mid-piece. 
I  C.C. 
0.5 c.c. 
nolphthalein) 
Guinea pig 
complement.  Hemolysis. 
None. 
None. 
Complete. 
o.o4  Complete. 
Complete., 
In table  III the hydrochloric acid method was used to  split the 
complement.  Here we have an ideal case of complement splitting, 
the  end-piece  and  mid-piece  causing  no  hemolysis  when  acting 
separately,  and  causing  complete  hemolysis  when  combined.  In 
No, 5 the end-piece gave complete hemolysis after neutralization to 
phenolphtha,lein.  As argued by Noguchi and Bronfenbrenner, the 
entire  complement  must  remain  in  the  albumin  portion  and  is 
merely inactivated by the excess of alkali present. 
To ascertain the lipolytic action of the end-piece and mid-piece, 
ten cubic centimeters of the albumin and globulin fractions of the 
split complement used in protocol III were diluted with fifteen cubic 
centimeters of 0.8 5  per cent.  sodium chtoride solution and put in 
flasks I  and 2, respectively.  After adding o.I of a cubic centimeter 
of  I  per  cent.  alcoholic solution of  phenolphthalein, the solutions 
ivere  neutralized with  N/5o  sodium hydroxide.  Then  one  cubic 
centimeter of acid-free ethylbutyrate was put in each, and the flasks 68  Studies  on Ferment  Action. 
were  incubated  for  four  hours  at  37 °  C.  In  test  3,  five  cubic 
centimeters of each portion were used.  Since the amounts  used in 
the above numbers correspond to one cubic centimeter of the original 
serum,  one cubic centimeter .of the whole serum was added  to  test 
4.  Test  5  was  used  as  a  control,  no  serum being  added.  At  the 
end  of  the  incubation  period,  all  the  solutions  were  immediately 
titrated  with  N/IOO sodium hydroxide and  the  results  recorded  in 
the  number of cubic centimeters of N/Io  sodium hydroxide neces- 
sary to neutralize  IOO cubic centimeters  of the mixtures.  The  re- 
sults  appear  in table  IV. 
TABLE  IV. 
No. of 
specimen. 
0.8 5 per cent. 
sodium chloride. 
I 5  C.C. 
IS c.e. 
I5 c.e. 
25 c.c. 
25 c.c. 
End-piece.~ 
IO C.C. 
5  C.C. 
Guinea pig 
Mid-piece.  serum. 
I 
I  I0 C.C. 
5 c.c.  ,, 
I C,C. 
Acidity. 
5-4 
0.2 
2.8 
5.4 
0.2 
In test  I  of table IV ten cubic centimeters  of the end-piece gave 
5.4  acidity.  Test  2,  mid-piece,  gave  only 0.2,  the  same  as  test  5 
(control).  Five cubic centimeters of each  fraction were combined 
in test 3 and the acidity is reduced almost a  haft  One cubic centi- 
meter  of  the  whole  serum  (4)  produces  the  same  acidity  as  the 
albumin fraction  from  this  quantity  of  serum.  These  tests  show 
that  the  lipase  was  completely removed  with  the  albumin  fraction 
of split  complement.  As the  essential  part of complement  and  all 
the serum lipase remain  in the same portion of fractionated serum, 
we are  no  nearer  a  solution  of  the  question  under  consideration, 
but  we  have  further  evidence  of  an  intimate  association  between 
serum lipase and complement. 
RELATION  OF TtIE  LIPOLYTIC ACTION  OF DIFFERENT  SERA AND THEIR 
COMPLEMENTING  PROPERTIES  FOR  RABBIT  AMBOCEPTOR. 
In  the  course of  the  above experiments  a  strict  parallelism  was 
observed between the  lipase  actions  and  complement  strengths  of 
rabbit and guinea pig sera.  So it was considered of interest to see 
3 The  end-piece  was  neutralized  with  N/5o  hydrochloric  acid,  since  it  was 
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whether this same relation holds good  for the sera of .other  animal 
species.  For this purpose the sera of several animals  (man,  rabbit, 
cat,  sheep,  dog,  and ox)  were  collected  and prepared  in the usual 
way and a  comparison  of complement and lipolytic properties  was 
made.  The  complement  tests  were made by using hen corpuscles 
and anti-hen rabbit amboceptor as the other elements of a hemolytic 
system.  The lipase action of the sera was tested with ethylbutyrate 
as  substrate.  All  sera  were  tested  when twenty-four  hours  old, 
The amounts of acid produced by the different sera,  their comple- 
ment  titers,  with  a  comparison  of  all  the  sera  with  that  of  the 
guinea pig,  are  recorded  in table V. 
TABLE  V. 
No. of speci- 
men.  Serum. 
z  Human 
2  Dog 
3  Rabbit 
4  Guinea  pig 
5  Ox 
6  Sheep 
7  Cat 
Acidity, 
1.2 
o.8 
1,6 
4.8 
0.8 
0.4 
1.6 
Complement 
titer, 
0.0  4  C.C, 
o.03 c.c. 
0.0  4  c.c. 
0.0I  c.e. 
o.o7  c.c. 
0.08 C.C. 
0.0  3  C.C. 
Comparison of the 
complement strength 
of guinea pig serum 
with the other sera. 
4;I 
3:I 
4:I 
i:i 
7:x 
8:i 
3:1 
Comparison of the 
lipase  action  of 
guinea pig serum 
with the other sera. 
4:I 
6:I 
3:I 
I:I 
6:I 
I2:I 
3:I 
From  table  V  it is  seen that  the  direct  proportion  between  the 
lipase  and complement properties  of  guinea pig and  rabbit  sera  is 
strictly true of some of the other sera  (human, cat)  and is largely 
true of all the sera examined.  The significance of this observation 
is,  however,  somewhat  lessened  by  the  fact  that  only  amboceptor 
from the  rabbit was employed,  for it is well known that  the com- 
plementing power of a serum is largely dependent upon the source 
of  the  amboceptor  used  (Muir  (Io)  and  Noguchi  and  Bronfen- 
brenner  (I I) ).  But in a large majority of cases, regardless of the 
source  of  the  amboceptor,  guinea  pig  serum  furnishes  the  most 
active  and stable complement;  the same is true of its lipase action. 
These  observations  do not afford  any definite  conclusion as  to  the 
relation  of  lipase  and  complement,  yet  these  two  substances  are 
intimately associated. 70  Studies  on Ferment  Action. 
CONCLUSIONS. 
I. The  specific  lipase of immune  hemolytic  serum  is not neces- 
sary  for hemolysis,  but this does  not prove  the non-necessity  of a 
lipolytic action in serum hemolysis, since a  lipase is always present 
in the complement serum. 
2.  Serum lipase is found in the end-piece of split complement. 
3.  There is a  parallelism between the lipase content and comple- 
ment strength of the sera of different animals  (man, rabbit,  guinea 
pig,  sheep, ox, cat). 
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